Molecular and morphological evidence for a new species from South Africa: Carex rainbowii (Cyperaceae)  by Martín-Bravo, S. et al.
South African Journal of Botany 87 (2013) 85–91
Contents lists available at SciVerse ScienceDirect
South African Journal of Botany
j ourna l homepage: www.e lsev ie r .com/ locate /sa jbMolecular and morphological evidence for a new species from
South Africa: Carex rainbowii (Cyperaceae)
S. Martín-Bravo a,⁎, M. Escudero a,b, M. Miguez a, P. Jiménez-Mejías a,c, M. Luceño a
a Pablo de Olavide University, Department of Molecular Biology and Biochemical Engineering, Ctra. de Utrera km 1, 41013 Seville, Spain
b The Morton Arboretum, 4100 Illinois Route 53, Lisle, 60352 IL, USA
c Real Jardín Botánico de Madrid, CSIC, Plaza de Murillo 2, 28014 Madrid, Spain⁎ Corresponding author. Tel.: +34 954977403; fax: +
E-mail addresses: smarbra@upo.es (S. Martín-Bravo)
(M. Escudero), mmigrio@upo.es (M. Miguez), pjimmej@
mlucgar@upo.es (M. Luceño).
0254-6299/$ – see front matter © 2013 SAAB. Published
http://dx.doi.org/10.1016/j.sajb.2013.03.014a b s t r a c ta r t i c l e i n f oArticle history:
Received 11 December 2012
Received in revised form 23 March 2013
Accepted 25 March 2013
Available online 20 April 2013







Section SylvaticaeCarex rainbowii (Cariceae, Cyperaceae), a new species from the Drakensberg mountains (KwaZulu-Natal
province), is described and illustrated. It was found in the shady understory of the Afromontane forest in
the Cathedral Peak area. An additional, nearby population was also identiﬁed based on previously collected her-
barium material. Morphological and molecular (cpDNA 5′trnK intron and nrDNA ITS and ETS sequences) data
were used to evaluate the taxonomic status of these populations and shed light on their systematic placement.
Our data strongly support their taxonomic identity and inclusion in Carex sect. Sylvaticae. The new species can
be readily distinguished from other related taxa mainly by the frequently androgynecandrous terminal spike,
dense female spikes, hyaline glumes, aswell as by some quantitative features. Thisﬁnding implies a considerable
biogeographic disjunction from the mainly Eurasian-North African range of the remaining species of sect.
Sylvaticae, a pattern also found in the related sections Ceratocystis, Rhynchocystis and Spirostachyae. Comments
are provided on previous misidentiﬁcations of C. rainbowii as the closely related Carex sylvatica. Data pertinent
to the conservation status of the species are provided.
© 2013 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
With over 2000 species (Reznicek, 1990), Carex L. (Cyperaceae,
Cariceae) is the most diverse angiosperm genus of Earth's temperate
zone (Escudero et al., 2012). It displays the highest species diversity
in cold and temperate areas of the Northern Hemisphere, with 527
species recorded in China, 480 in North America (Brach and Song,
2006) and 231 species in Europe and the Mediterranean region
(Jiménez-Mejías and Luceño, 2011). Despite the genus being more
diverse in northern temperate areas, at least 81 species have been
reported from Sub-Saharan Africa and Madagascar (Gehrke, 2011).
Among the four traditionally recognized subgenera within Carex
(Carex, Psyllophora (Degl.) Peterm., Vignea (P. Beauv. ex T. Lestib.)
Peterm. and Vigneastra (Tuck.) Kük.; Kükenthal, 1909; Egorova,
1999), subgenus Carex (c. 1400 species) is the largest and also the
most species rich in Sub-Saharan Africa and Madagascar, with 34
species recognized to date (Gehrke, 2011). Eighteen species from
this subgenus are currently known in South Africa, 11 of which
grow in KwaZulu-Natal (Govaerts et al., 2012).34 954349813.
, amesclir@gmail.com
upo.es (P. Jiménez-Mejías),
by Elsevier B.V. All rights reservedWithin subgenus Carex, section Sylvaticae Rouy has been frequently
subsumed within a widely-circumscribed section Hymenochlaenae
(Drejer) L.H. Bailey (Kükenthal, 1909). Despite section Hymenochlaenae
being split up into several sections by Mackenzie (1935), many authors
have followed Kükenthal's criteria until recent times (e.g. Reznicek,
1986;Waterway, 1990). Egorova (1999) circumscribed section Sylvaticae
and considered that some American species from Hymenochlaenae, like
Carex debilisMichx., could be transferred to Sylvaticae. Subsequently, the
ﬁrst ITS phylogeny by Hendrichs et al. (2004; later conﬁrmed by
Waterway and Starr (2007) and Waterway et al. (2009) revealed the
high polyphyly of section Hymenochlaenae. Speciﬁcally, Carex sylvatica
Huds. was allied to sections Rhynchocystis Dumort., Ceratocystis Dumort.
and SpirostachyaeDrejer ex L.H. Bailey,whereas representatives of section
Hymenochlaenaewere distantly related. Under Egorova's (1999) circum-
scription, section Sylvaticae would comprise eight species distributed
through Eurasia and North Africa, namely: C. sylvatica subsp. sylvatica
(Europe to Iran and NW Africa) and subsp. paui (Sennen) A. Bolòs &
O. Bolòs (W Mediterranean), Carex algeriensis Nelmes (Algeria), Carex
arnellii Christ. (Russia, from Europe to Far East), Carex bostrychostigma
Maxim. (E Asia), Carex hondoensis Ohwi (Japan), Carex hypaneura V.I.
Krecz. (Transcaucasus), Carex latifronsV.I. Krecz. (Anatolia toWCaucasus)
and Carex strigosaHuds. (Europe to N Iran). Subsequently, C. latifrons and
C. algeriensis were included within C. sylvatica (=C. sylvatica subsp.
latifrons (V.I. Krecz.) Ö. Nilsson and C. sylvatica subsp. paui (Sennen)
A. Bolòs & O. Bolòs, respectively; see Jiménez-Mejías and Luceño, 2011)..
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added to the section (Escudero and Luceño, 2009).
Taxonomy of Cyperaceae in South Africa has remained an active
ﬁeld of research during the last years, with several new species and
even a genus very recently described (i.e. Muasya et al., 2011, 2012a,
b), although most of them belong to tribe Cypereae, which is more di-
versiﬁed than Cariceae in this region, and includes some species-rich
genera like Cyperus L. and Ficinia Schrad. In a recent ﬁeld campaign in
the Drakensberg mountains (November 2011), we found a population
of Carex subgenus Carex whose morphology was apparently similar to
that displayed by somemembers of Carex sect. Spirostachyae (especially
the Tropical African Carex ﬁscheri K. Schum.), a group with four known
species in South Africa (Carex aethiopica Schkuhr, Carex clavata Thunb.,
Carex ecklonii Nees and Carex burchelliana Boeckeler; Escudero and
Luceño, 2009). However, a closer examination revealed the absence of
red crystalline bodies in the utricle epidermis and antiligule, and a
smoothutricle beak, indicating a closer relationship to section Sylvaticae
than to Spirostachyae. The presence of section Sylvaticae in South Africa
was previously noted by Gehrke (2011) based on a specimen collected
in KwaZulu-Natal in 1987 by C. Reid (n. 1370; PRE 762278) (‘Estcourt
district’, Ntabamhlope [uThukela District]) and identiﬁed as C. sylvatica.
Another specimen collected in the same place in 1944 (‘Weenen dis-
trict’, Ntabamhlope [uThukela district]) by J.P.H. Acocks (n. 10784;
PRE 109769; available at JSTOR) was also identiﬁed as C. sylvatica by
C. Archer. An additional population from Eastern Cape (Hogsback) has
been reported by C. Archer (pers. comm.). This species has been consid-
ered as probably introduced in South Africa (SANBI, 2012; C. Archer,
pers. obs.).
The aim of this work is to perform a detailed morphological and
molecular study of these taxonomically problematic individuals to
evaluate their taxonomic placement and relationships within Carex.
2. Material and methods
2.1. Morphological study
In our morphological study, we considered 24 quantitative and 23
qualitative characters, based on the diagnostic characters for the taxon-
omy of section Sylvaticae (Egorova, 1999; Luceño, 2008) and related
sections (Ceratocystis, Luceño and Jiménez-Mejías, 2008; Rhynchocystis,
Luceño, 2008; Spirostachyae, Escudero and Luceño, 2011). Eleven spec-
imens from the same population (Rainbow Gorge, Cathedral Peak area,
KwaZulu-Natal, South Africa; see 3.3) as well as two previously collect-
ed specimens from an additional, nearby population (uThukela district;
Acocks n. 10784, PRE 109769, available in JSTOR, http://www.jstor.org/
and Reid n. 1370, PRE 762278)were studied.Measurementsweremade
as in our previous taxonomic studies of Carex (i.e. Escudero and Luceño,
2011; Martín-Bravo et al., 2012).
2.2. Molecular study
We tested the phylogenetic position of the problematic South
African individuals by including: 1) two samples of the South African
problematic population from Cathedral Peak area, 2) two species
representing sect. Sylvaticae: C. sylvatica (two samples each in the
nrDNA and the cpDNA phylogeny) and C. cretica (two samples in
the nrDNA phylogeny and one sample in the cpDNA phylogeny)
and 3) sequences from two samples representing two species for
each of the related sections (Waterway and Starr, 2007): Carex
ﬂava L. and Carex viridula Michx. (sect. Ceratocystis), Carex distans L.
and Carex punctata Gaudin (sect. Spirostachyae), and Carex pendula
Huds. and Carex bequaertii De Wild. (sect. Rhynchocystis). Carex
rostrata Stokes (sect. Vesicariae) and Carex melanostachya M. Bieb.
(sect. Tumidae) were included as the outgroup for the cpDNA analy-
ses and Carex michauxiana Boeckeler (sect. Rostrales) and Carex
folliculata L. (sect. Rostrales) for the nrDNA analyses. We sequencedand analysed one cpDNA (5′trnK intron) and two nrDNA (ITS and
ETS) regions, which have been successfully used in molecular sys-
tematic studies of the Cariceae (i.e. Escudero and Luceño, 2009;
Waterway and Starr, 2007; Jiménez-Mejías et al., 2012). All se-
quences were downloaded from GenBank except for those from
the problematic population as well as four 5′trnK intron (C. sylvatica,
C. pendula, C. bequaertii) and one ETS sequences (C. bequaertii) which
were PCR ampliﬁed and sequenced for this study (see Appendix A).
Procedures for DNA extraction, ampliﬁcation and sequencing
followed those in Escudero and Luceño (2009) for ITS and 5′trnK in-
tron, and inWaterway and Starr (2007) for ETS. We performedMax-
imum Parsimony and Bayesian Inference phylogenetic analyses as
outlined in Martín-Bravo et al. (2007) and Escudero et al. (2008), re-
spectively, for the ITS, ETS and 5′trnK datasets individually. Topolo-
gies retrieved from the ITS and ETS matrices were congruent
(results not shown) and both matrices were therefore combined
and analysed. The simplest models of nucleotide evolution that
best ﬁt the data for each studied DNA region were HKY for 5′trnK in-
tron, GTR + G for ETS and ITS-1, HKY + G for ITS2, and K80 for 5.8S
region. Informative indels were coded as a ﬁfth binary character
state and analysed with the F81 model of sequence evolution as
speciﬁed in MrBayes manual (Ronquist and Huelsenbeck, 2003).
We also obtained an additional measurement of statistical branch
support by performing a Maximum Parsimony fast bootstrap analy-
sis with 1000 replicates as implemented in PAUP (Swofford, 2002).
3. Results and discussion
3.1. Morphological study
The plants from the two KwaZulu-Natal problematic populations
(uThukela district: Cathedral Peak area and Ntabamhlope) were com-
pared against the species of sect. Sylvaticae (Egorova, 1999; Luceño,
2008). Several morphological features did not match the morphology
of any known species of section Sylvaticae (Table 1). In particular,
these plants frequently display androgynecandrous upper spikes (a pre-
viously unknown feature in the section), dense female spikes, some-
times ramiﬁed at the base, and hyaline female glumes, which readily
allow their distinction from other species in the section.
3.2. Molecular study
The majority rule consensus trees obtained from the Bayesian Infer-
ence (Fig. 1) yielded more resolved, but congruent topologies, with re-
spect to the strict consensus trees retrieved from the Maximum
Parsimony analyses (not shown). The sectional phylogenetic relation-
ships depicted by the cpDNA (5′trnK intron) and nrDNA (ITS-ETS)
sequences analysed were signiﬁcantly different (Fig. 1A, B). Thus, sec-
tions Sylvaticae and Spirostachyae appear as sister groups in the
cpDNA analyses (0.97 PP, 57% BS; Fig. 1A), whereas Sylvaticae is sup-
ported as sister to Rhynchocystis in the nrDNA tree (1.0 PP, 89% BS;
Fig. 1B). Therefore, nuclear-plastid sequences were not combined but
analysed separately. Both the plastid and nuclear analyses support the
inclusion of the studied population from Cathedral Peak area within
sect. Sylvaticae, represented by two samples of C. sylvatica and one
sample of C. cretica in the cpDNA tree (Fig. 1A) and by two samples
each of C. sylvatica and C. cretica in the nrDNA tree (Fig. 1B). Interest-
ingly, the South African population appears as sister to the
European-Northern African C. sylvatica–C.cretica clade in the nrDNA
tree (1.0 PP, 98% BS; Fig. 1B), while unresolved in the plastid tree
(Fig. 1A). The lower resolution and support for the monophyly of
sect. Sylvaticae in the cpDNA tree (0.91 PP, 56% BS) than in the
nrDNA tree (1.0 PP, 98% BS) are due to the lower number of informa-
tive characters in the plastid than in the nuclear matrix (12 vs. 95,
excluding the outgroup and the coded indels). Overall, these molec-
ular results support the morphological ﬁndings and suggest the
Table 1
Main distinctive characters between C. rainbowii and Euro-North African species of section Sylvaticae.
C. rainbowii C. sylvatica subsp. sylvatica C. sylvatica subsp. paui C. cretica C. strigosa
Distribution South Africa Europe, scattered in SW
Asia and NW Africa
NE Spain, NW Africa Crete S, C, W Europe, SW Asia
(Caucausus, N Iran)
Rhizome Caespitose Caespitose Caespitose Caespitose Creeping
Longest stem (mm) 710 1000 2000 450 1000
Leaf upper side Rough just in the
upper 1/3
Smooth to slightly rough Strongly rough Smooth Smooth
Leaf width (mm) (4.7)6.0–10.0(11.1) (2)4–7(8) (6)8–12 (1.5)2.0–2.5(3.0) (2.9)5.0–6.5
Upper spike Male or, more frequently,
androgynecandrous
Male Male Male Male
Male spikes number 0–1(2) 1(2) (1)2–4(7) 1 1
Female spike Up to 51 mm long,
sometimes ramiﬁed
at the base, dense
Up to 45 mm long, simple, lax Up to 75 mm long, sometimes
ramiﬁed at the base, lax
Up to 15(20) mm
long, simple, lax
Up to 60 mm long,
simple, lax
Female glume Hyaline Pale brown with wide hyaline
margin
Pale brown with wide scarious
margin
Hyaline to pale brown Hyaline, pale brown
or purplish
Utricle length (mm) (3.0)4.0–4.5 (3.8)4.0–5.0 (4.0)4.5–5.3 2.5–2.9(3.2) (2.7)3.0–3.5(4.0)
Utricle beak Smooth Smooth Sometimes aculeolate Smooth Smooth
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their sectional circumscription within sect. Sylvaticae.
3.3. Description of new species
Although apparently close to C. sylvatica, C. rainbowii is not mor-
phologically more similar to C. sylvatica than to other species from
sect. Sylvaticae (Table 1). In addition, phylogenetic trees (Fig. 1) do
not clearly indicate that C. rainbowii is closer to C. sylvatica than to the
other sampled Sylvaticae species (in fact, in the nrDNA tree C. sylvatica
is closer to C. cretica – although with low support – than to C. rainbowii;
Fig. 1B). In our opinion, despite the small amount of studied material,
the congruent and distinct set of clear-cut morphological characters
(Table 1), together with the evidence from the molecular phylogenetic
analyses (Fig. 1), warrants formal taxonomic recognition at the species
level, which leads us to propose the following new species.
3.3.1. C. rainbowii Luceño, Jim. Mejías, M. Escudero & Martín-Bravo,
sp. nov. (Fig. 2)
Similar to C. sylvatica, from which it differs mainly by its frequently
androgynecandrous upper spike, the dense female spikes and the
hyaline female glumes.
Type: South Africa. KwaZulu-Natal Province, uThukela district
(2829): Cathedral Peak Area, Rainbow Gorge, shady understory of
montane forest, 1525 m, 13 Nov 2011, S. Martín-Bravo 120SMB11 &
M. Luceño (PRE, holo.; BOL, BM, K, M, MA, NU, UPOS, iso.).
Etymology — this new taxon is named after the Rainbow Gorge, the
place in the Drakensberg Mountains (KwaZulu-Natal, South Africa)
where the species was found (there are numerous waterfalls in this
gorge producing rainbows). In addition, the species is endemic to
South Africa, which is popularly known as the Rainbow Nation.
Following the International Code of Botanical Nomenclature (ICBN,
Rec. 60D; McNeill et al., 2006) for geographical names, the speciﬁc
epithet should be “rainbowensis”, but we have used “rainbowii”,
since the rainbow symbolizes the peace and the freedom. To both
qualities this species is also dedicated.
Plant caespitose. Stems 450–710 mm, sharply trigonous above,
smooth. Leaves slightly shorter, as long as or longer than stems, (4.7)
6.0–10.0(11.1) mm wide, plicate, soft, scabrid on the edges, except
basal parts, and on both faces in the apical part; ligule 1–3(8) mm,
apex usually rounded, rarely subacute; antiligule absent; lowermost
sheaths of the ﬂowering stems foliose, the 2–3 lowermost of the sterile
shoots scale-like, straw-coloured to light brown, entire to slightlyﬁbrose.
Inﬂorescence 180–350 mm. Lowest bract slightly longer or shorter than
inﬂorescence; sheath 22–55 mm long, the inner side green. Spikes 5–6,
heteromorphic, with 1 apical male or androgynecandrous, sometimes
with a small male or androgynous spike at its base, and 4–5 lateralfemale. Apical spike 30–45 mm × 1.8–8.7 mm, fusiform. Female spikes
28–51 × 5–8 mm, arising singly, dense-ﬂowered except sometimes in
basal parts, the lowest with a peduncle up to 185 mm, the 1–3 lowest
pendulous. Male glumes 5.0–6.2 × 1.0–1.8 mm, lanceolate, narrowly
ovate or oblong-elliptic, hyaline to straw-coloured, with a narrow
green midrib, uninervate, acuminate to aristate. Female glumes (3.0)
3.5–4.0(5.0) × (1.1)1.3–1.8 mm, ovate, hyaline, with a narrow green
midrib, 1–3nervate, aristate, with an arista up to 1.5(1.8)mm, sometimes
reduced to a shortmucro. Utricles (3.0)4.0–4.5 × (1.0)1.2–1.6 mm, ovate
to ellipsoid-trigonous, straight, with 2 well marked nerves, sometimes
with some additional faint nerves, abruptly narrowed into a beak,
greenish-brown; beak 1.2–2.0 mm, slightly bidentate to nearly trun-
cate, with a deeper dorsal sinus, smooth. Achenes 2.0–2.8 × 1.1–
1.3 mm, elliptic, trigonous.
3.3.1.1. Distribution (Fig. 3). South Africa, KwaZulu-Natal (NAT; Brummit,
2001), known only from two collecting sites in the Drakensberg Moun-
tains (uThukela district): Cathedral Peak area and Ntabamhlope.
3.3.1.2. Ecology. In the holotype population, plants were growing in
the shady understory of a montane forest dominated by Podocarpus
latifolia (Thunb.) Mirb. and Carissa bispinosa Desf. Other accompanying
observed species were Celtis africana Burm. f., Carex spicato-paniculata
C. B. Clarke, Schoenoxiphium lehmannii (Nees) Steud., Dietes iridioides
(L.) Klatt and Blechnum giganteum Schltdl. The habitat in the paratype
population appears to be similar, with plants found in damp and
shady places in a forest. c. 1500–1700 m.
3.3.2. Phenology. (Jul-)Aug–Jan(-Feb)
3.3.2.1. Conservation. Because the species is currently known from only
two collecting sites in South Africa, we hereby summarize the available
information for assessing the conservation status of C. rainbowii, based
on IUCN Red List categories, criteria, and guidelines (IUCN, 2001,
2011). The known collecting sites would correspond to only two sub-
populations (IUCN, 2011) in an extremely reduced area of occupancy
(AOO) of 8 km2 (grid size 4 km2).We could not precise the exact num-
ber of locations (1–2) due to no information available about threatens
affecting subpopulations (IUCN, 2001). However, this geographic
range and number of locations (maximum two) would classify the spe-
cies as “Endangered” under criteria B2, if appropriate knowledge of
subcriteria b and c were available. Unfortunately, no information is
available for these subcriteria, which refer to a veriﬁable continuing de-
cline (subcriterion b) or extreme ﬂuctuation (subcriterion c) in any of
the extent of occurrence, AOO, area, extent, and/or quality of the habi-
tat; number of locations; and number of mature individuals (IUCN,
2001, 2011). Alternatively, it could be classiﬁed as “Vulnerable” under
Fig. 1. Majority rule consensus tree of the 37,500 trees retained in the Bayesian inference analyses including two samples of Carex rainbowii plus representatives of sections
Sylvaticae (C. cretica, C. sylvatica), Spirostachyeae (C. distans, C. punctata), Ceratocystis (C. ﬂava, C. viridula) and Rhynchocystis (C. pendula, C. bequaertii) and two species used as
the outgroup for the phylogenetic analyses. Informative indels were coded and analysed as speciﬁed in the text (see 2.2). Posterior probabilities and bootstrap values are given
above and below branches, respectively. (A) cpDNA tree (5′trnK intron); (B) nrDNA tree (ITS-ETS combined).
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than 20 km2 and fewer than ﬁve, respectively. However, this criterion
requires that a plausible future threat for the species survival is identi-
ﬁed. However, because the species can be locally frequent (ca. 100
plants seen in the holotype population, Martín-Bravo and Luceño,
pers.obs.; “frequent” and “locally fairly common” in the paratype
population, Acocks and Reid, in sched., respectively), and at least the
Rainbow gorge population is situated on protected land (Ukhahlamba
Drakensberg park), no clear future threat is currently apparent as
required by criterion D2. To sum up, the necessary information for a
complete conservation assessment was insufﬁcient to meet some of
the criteria and subcriteria required by the IUCN to qualify the speciesunder the different threatened categories (Critically Endangered,
Endangered, Vulnerable). Therefore, the species should be classiﬁed as
“Data Deﬁcient” at the present time, although it is likely that it would
deserve protection under the IUCN guidelines if more information was
obtained. An additional population of this species could be present in
the Eastern Cape province (Hogsback; C. Archer, pers. comm.), which
would considerably increase the extent of occurrence (EOO) of this
species (IUCN, 2001, 2011).
3.3.2.2. Biogeographic observations. The fact that the paratype popula-
tion (Ntabamhlope) of C. rainbowii had been previously misidentiﬁed
as C. sylvatica (Gehrke, 2011), indicates that C. sylvatica should be
Fig. 2. Analytical drawing of the holotypematerial of Carex rainbowii. A. plant; B. ligule; C. androgynecandrous spike; D. female spike; E.male glume; F. female glume; G. utricle; H. achene
(South Africa, KwaZulu-Natal, uThukela district, Cathedral Peak area, Rainbow Gorge, S. Martín-Bravo 120SMB11 & M. Luceño, UPOS). — Drawing by Rodrigo Tavera.
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The presence of this new species in South Africa implies a hitherto un-
known disjunction with respect to the mainly Eurasian-North African
distribution of the remaining species of section Sylvaticae. Interestingly,
this biogeographic pattern has also been found in several of the related
Carex sections. In section Spirostachyae, ancestral range reconstruction
analyses and estimations of diversiﬁcation times indicate that long-
distance dispersal events from Eurasia may have been the origin ofthe two South African endemic species (C. ecklonii and C. burchelliana;
Escudero et al., 2009; reviewed in Martín-Bravo and Escudero, 2012).
For the origin of the C. aethiopica–C. clavata complex, both long-
distance dispersal from Eurasia and ecological vicariance with its East
Tropical African congeners have been proposed (Gehrke and Linder,
2009; Escudero et al., 2009). In section Ceratocystis, the Drakensberg en-
demic Carex monotropa Nees is likely the result of a North to South
Hemisphere migration (Jiménez-Mejías et al., 2012). Finally, section
Fig. 3. Distribution of Carex rainbowii. A: the shaded area corresponds to KwaZulu-Natal province. B: the two studied populations are depicted by stars within the uThukela district
in KwaZulu-Natal province. Dots indicate the capitals of the province and the district and the nearest main city to the populations.
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cies displaying a Euro-North African-Western Asian (C. pendula, Carex
microcarpa) or Sub-Saharan (Carexmoosi, C. bequaertii, C. penduliformis)
range. Comparative biogeographic studies of these groups are needed to
uncover if these shared patterns are reﬂecting common evolutionary
histories.
3.3.2.3. Additional specimens studied (paratypes). South Africa:
KwaZulu-Natal province, ‘Weenen district’ [uThukela district] (2929):
Ntabamhlope, near police post, damp place in forest, 5500′, 19 Nov
1944, J.P.H. Acocks 10784 (PRE, photo!); Idem, ‘Estcourt district’
[uThukela district] (2929): near Ntabamhlope, c. 2 km on road toKamberg from White Mountain Resort, small forest patch, along stream
bed in forest, 30 Jan 1987, C. Reid 1370 (PRE, photo!; GENT, J, NH, iso.).
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Sampling and GenBank number accessions for ITS and ETS
sequences. C. bequaertii De Wild. (EU288576, KC122390*), C. cretica
Gradst. & J. Kern (DQ384117, -), C. cretica (DQ384118, -), C. distans
L. (DQ384127, -), C. ﬂava L. (AY278310, AY757657), C. folliculata
L. (AY757601, AY757662), C. michauxiana Boeckeler (AY757602,
AY757663), C. pendula Huds. (AY757600, AY757661), C. punctata
Gaudin (DQ384182, AY757659), C.rainbowii Luceño, Jim. Mejías,
M. Escudero & Martín-Bravo (KC122380*, KC122388*), C.rainbowii
(KC122381*, KC122389*), C. sylvatica Huds. (AY757599, AY757660),
C. sylvatica (AY278306, -), C. viridula Michx. (JN634666, AY757658). B.
Sampling and GenBank number accessions for 5′trnK intron sequences.
C. bequaertii (KC122385*), C. cretica (EU812677), C. distans (EU812650),
C. ﬂava (JN627711), C. melanostachya M. Bieb. (JN627756), C. pendula
(KC122384*), C. punctata (EU812618) C. rainbowii (KC122382*),
C. rainbowii (KC122383*), C. sylvatica (KC122386*), C. sylvatica
(KC122387*), C. rostrata Stokes (EU81268), C. viridula (JN627726).
Asterisks depict new sequences obtained in this study.
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